This paper investigates the return linkages and volatility transmission between oil and stock markets in the Gulf Cooperation Council (GCC) countries over the recent period 2005-2010. We employ a recent generalized VAR-GARCH approach which allows for transmissions in return and volatility. In addition, we analyze the optimal weights and hedge ratios for oil-stock portfolio holdings. On the whole, our results point to the existence of substantial return and volatility spillovers between world oil prices and GCC stock markets, and appear to be crucial for international portfolio management in the presence of oil price risk.
Introduction
Dynamic return links and volatility transmission across capital markets are of greater and greater interest to the financial community with the increasing trend of financial globalization throughout the world. If, for example, return and volatility are found to spread from one market to another, portfolio managers and policymakers would have to adjust their actions to essentially prevent contagion risks in the event of market crashes or crises. This issue has been extensively investigated in the context of international asset markets (e.g., Forbes Expanding this issue to the context of oil and stock markets is also important because empirical results offer insights into building accurate asset pricing models and accurate forecasts of the volatility of both markets. In particular, all investors should know how the value of their portfolios is affected by large variations observed in oil prices over the last decade. Indeed, oil price fell to less than $20 a barrel in December 2001 following the world economic downturns, and then increased to reach more than $130 in June 2008. This continuum and rapid swings in oil prices lead to significant modifications in energy risk management and policies of almost all countries, as oil is used as a pricing benchmark for various financial instruments and plays a crucial role in international asset hedging strategies for a variety of economic agents (e.g., investors holding stocks of oil and oil-related industries, oil producers and consumers, and so on). These stylized facts also raise the question of how oil price changes and its volatility affect both the economy and financial markets.
Even though a number of works in the literature have studied the interactions between oil prices and stock markets (Jones and Kaul, 1996; Sadorsky, 1999; Ciner, 2001 ; Basher and Sadorsky, 2006) , very little attention is paid to the issue of return and volatility spillovers (Ewing et al., 2002; Malik and Ewing, 2009 ) and, to the best of our knowledge, no study has been conducted in the context of the Gulf Cooperation Council (GCC) countries. By examining whether oil and GCC stock markets are linked and how their volatility spillovers change through time and across markets over the last turbulent decade, this paper attempts to make up for this neglect. For this purpose, we use a recent multivariate econometric technique, Vector Autoregressive Moving Average -Generalized Autoregressive Conditional Heteroskedasticity (VAR-GARCH), introduced by Ling and McAleer (2003) . One of the main advantages of this model is that it allows us to investigate the conditional volatility dynamics of the series as well as the conditional correlation cross effects and volatility transmission between series. It also provides meaningful estimates of the parameters with less computational complication compared to several other multivariate specifications such as the full factor GARCH model (Hammoudeh et al., 2009 ). Further, we are able to use our findings to compute the optimal weights of an oil-stock portfolio as well as optimal hedge ratios for analyzing hedging effectiveness. Our literature surveys show that the VAR-GARCH model has never been employed to investigate the relationships between oil prices and stock markets.
Using daily data over the period from June 7, 2005 to February 21, 2010 for the six countries members of the GCC, we mainly find evidence of significant return and volatility spillovers between oil and stock markets in the GCC region. The direct transmission of conditional volatility across markets is, however, more apparent from oil to stock segments. Empirical results from optimal weights and hedge ratios indicate that investors operating in the GCC markets may benefit from adding the oil assets into a well-diversified portfolio of stocks, and that hedging strategies are necessary to manage the oil risk more effectively.
The remaining part of the paper is structured as follows. Section 2 provides a short review of literature about the effects of oil price changes on the real and financial sectors. Section 3 describes the empirical methodology we use to measure shock transmission and volatility spillover effects between oil and GCC stock markets. Section 4 presents the data. Section 5 discusses the empirical results and shows their implications on oil-risk management and portfolio optimization in presence of oil assets. Concluding remarks are summarized in Section 6.
A short review of literature on the oil volatility effects
Previous empirical investigations including, among others, Hamilton (1983), Cunado and Perez de Garcia (2005), and Kilian (2008) have reported that oil price shocks has a causal link on recessions, inflation, economic growth, and other economic variables in most developed and emerging countries, with however different degrees and through different mechanisms. There is also empirical evidence to suggest that economic activity and financial market returns are nonlinearly associated with oil price changes (Hamilton, 2003; Zhang, 2008; Cologni and Manera, 2009 ).
The strand of research examining the potential relationships between oil price shocks and stock markets has only gained ground very recently, and the focus is es-sentially on a few net-oil importing developed countries. 1 Initially, Jones and Kaul (1996) However, less attention has been paid to smaller emerging markets, especially in the GCC countries where the links between oil prices and stock markets have important implications for international investments and economic policies. First, since GCC countries are major suppliers of oil in world energy markets, their stock markets are likely to be affected by changes in oil prices. Second, the GCC markets differ from those of developed and from other emerging countries in that they are largely segmented from the international markets and are highly sensitive to regional political events. Finally, the GCC markets represent very promising areas for regional and world portfolio diversification. A good understanding of the influence of oil price shocks on stock markets may really assist investors for making accurate investment decisions and policymakers for regulating stock markets more effectively. 1 It should be noted that in theory oil shocks may affect stock prices through their impacts on the macroeconomy and business environment which, in turn, have direct repercussions on firms' expected future cash-flows. For example, sharp oil price changes, whatever the sign, may reduce aggregate output temporarily because they put back investments due to increasing uncertainties or induce costly resource reallocation (Guo and Kliesen, 2005 They report that the T-bill rate has direct impact on these markets, while oil and S&P GARCH model to examine the volatility transmission between oil and natural gas markets, the first study finds significant direct and indirect transmission of volatility from the natural gas sector to the oil sector. There is nevertheless only weak evidence of volatility transmission from oil sector to natural gas sector. These findings are typically explained by the differences in the volatility behavior of oil and natural gas sectors, as noted by these authors. The second study, being the most related to ours, employs a bivariate GARCH model to evaluate the volatility transmission between five different US sector indices and oil prices. It provides evidence of significant spillovers of shocks and volatility between oil prices and some of equity sectors.
This present study thus brings insights about the dynamic interdependence of world oil price and GCC stock markets in terms of both returns and conditional volatility by using a VAR-GARCH approach. It further sheds light on the potential gains of cross-market hedging as well as on the sharing of common information by market operators.
Econometric method
As far as volatility modeling of oil and stock markets is concerned, GARCH-type models have received a particular interest from almost all previous papers (e.g., Na- Specifically, the VAR-GARCH model described in Ling and McAleer (2003) includes the multivariate CCC-GARCH model of Bollerslev (1990) as a special case where correlations between system shocks are assumed to be constant to ease the estimation and inference procedure. In this paper, we adopt the bivariate form of this model to investigate the interdependence of oil and stock markets in each country of the GCC. The specification we consider is thus a bivariate VAR(1)-GARCH (1,1) where the conditional mean is given by 
As it can be seen, the conditional variance of the stock market (resp., oil market) depends not only on its own pasts and innovations, but also on those of the oil market (resp., stock market). This particular feature thus permits the direct transmission of volatility and shocks from one market to another. We can also express the conditional covariance, so t h , as follows:
where  is the conditional constant correlation.
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Taken together, the characteristics of the proposed model allow us to capture both return and volatility spillover effects between oil and stock markets. To the extent that the normality condition is often rejected for the majority of macroeconomic and financial series, we use the quasi-maximum likelihood (QML) method to estimate the model's parameters. 4 In Section 5, we will show how the estimation results from our VAR(1)-GARCH(1,1) model can be used to compute the optimal weights and hedge ratios of an oil-stock diversified portfolio.
Data and preliminary results
Our study examines the return and volatility linkages for the six countries members of the GCC (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and UAE) over the period The statistical and stochastic properties of the data are summarized in Table 1 .
In Panel A, we test for the presence of unit roots in the levels and first differ- occur with a probability higher than that of a normal distribution. Accordingly, the Jarque-Bera test statistics strongly reject the null hypothesis of normality for all series. As also shown in Panel B, all the return series were found to have a leptokurtic behavior (i.e., their distributions have fatter tails than corresponding normal distributions). This suggests that each of the mean equations should be tested for the existence of conditional heteroscedasticity. By applying the Engle (1982)'s test, we observe that the null hypothesis of ARCH effects cannot be rejected at conventional le-vels in all cases, thus confirming that GARCH modeling is adequate for capturing any persistence in the financial volatility of stock and oil markets we consider.
We also compute the unconditional correlations between GCC stock market returns and oil price changes. The results reveal that cross-market correlations are not high, but on average positive. These correlations range from 0.018 (Kuwait-Brent) to 0.373 (Qatar-Brent). This finding indicates that the presence of oil asset in a portfolio may lead to greater diversification benefits.
Empirical results and portfolio implications
In what follows, we will first discuss our findings related to return linkages and volatility transmission between oil and stock markets in the GCC countries within the empirical framework of the VAR(1)-GARCH(1,1) model. Recall that the appropriate lag length for the VAR system was determined by the usual information criteria (BIC and SIC). We will then use the estimation results to compute the optimal weights of an oil-stock portfolio as well as the optimal hedge ratios.
Return and volatility dependencies
Our VAR(1)-GARCH(1,1) estimation results are reported in Tables 2-7 for the six oil-stock market pairs. Regarding the interdependence of returns in mean equations, we find that lagged oil price returns significantly affect stock market returns in three out of six cases: Bahrain, Oman, and Qatar. The effect of oil on stock markets is positive for Oman and Qatar, but negative for Bahrain. Inversely, oil returns are only significantly related to stock market returns in Bahrain, but the link is negative. The lagged value of stock market returns is found to be significant in two stock markets (Bahrain and Qatar), indicating that their returns are predicted from past realizations, and thus they are not informationally efficient according to the weak-form efficiency in the dynamic variations of stock market returns with respect to previous returns on oil and stock market indices for three GCC countries, Bahrain, Oman and Qatar. Table 2 Estimates of VAR (1)-GARCH(1,1) As for the estimates of ARCH and GARCH coefficients in the conditional variance equations, they are significant at conventional levels in most cases. The sensitivity to past own conditional volatility (GARCH-term) appears to be significant for all countries, except for Qatar. This finding typically suggests that past values of the conditional volatility in a particular stock market can be employed to forecast future volatility. The results also show that the current conditional volatility of GCC stock markets also depends on past shocks affecting return dynamics since ARCH-terms are highly significant for all countries considered, with an exception for Bahrain. Turning out to the volatility spillover effects between oil and stock markets in the GCC countries, we first observe that there is no direct transmission of volatility from oil market to Bahraini and Qatari stock markets (Tables 2 and 5 ). For the four remaining countries (Tables 3-4 and 6-7), the cross-volatility coefficients (return innovation and volatility) are significant at conventional levels. More precisely, past oil shocks have significant effects on stock market volatility in Saudi Arabia, while past oil volatility strongly affects stock market volatility in Kuwait, Oman and the UAE.
However, the effects of past shocks and past volatility of oil returns on volatility of stock markets in GCC countries should be moderated since their estimated coefficients are much smaller than those of past own shocks and volatilities. Oil price volatility is affected, on the one hand, by past market shocks in Kuwait, and on the other hand by past stock market volatility in Oman and the UAE. Therefore, direct volatility spillover is more widespread from oil to stock markets in the GCC countries than the inverse case. Investors should then keep a close watch on what is going on in the oil market in order to make accurate investment decisions. As expected, the estimates for constant conditional correlations between oil and stock markets in the GCC countries are all positive. They are small in general, suggesting the existence of potential gains from investing in both stock markets and oil.
Summarizing all, the empirical VAR(1)-GARCH(1,1) model appears to satisfactorily capture the return linkages and volatility transmission for the six pairs of markets we consider. Stock market returns are significantly influenced by oil returns in three out of six cases, and they only affect oil returns in Bahrain. The analysis of volatility interdependence shows significant volatility spillovers from oil to stock markets, while oil volatility is sensitive to stock market volatility in only two countries.
Portfolio management with oil-risk hedging strategies
Our previous findings suggest that potential gains from diversification are substantial by investing in both oil and stock markets. Their return and volatility spillovers require however portfolio managers to quantify the optimal weights and hedging ratios in order to deal adequately with the oil risk. To illustrate this purpose, we now consider a portfolio composed of oil and stocks for which we attempt to minimize the risk without reducing expected returns. According to Kroner and Ng (1998) , the optimal weight of holdings of the two assets (oil and the stock market index) is given by: t os w , 1  . The average values of t so w , (optimal weights) for the six GCC countries are reported in Table 8 . They vary from 39.97% for Qatar to 70.28% for Oman. This suggests that for the Qatari case the optimal holding of oil in a one-dollar oil-stock market portfolio should be 39.97%, and the remaining budget of 60.03% is invested in stock market. For the Omani case, these optimal investment weights are 70.28% and 29.72% respectively. Overall, our results point to the fact that except for Qatar and the UAE, investors holding assets in the GCC countries should have more oil than stocks in their portfolios in order to minimize the risk without lowering the expected return.
As for hedge ratios, Kroner and Suktan (1993) Table 8 reports average values of the hedge ratios computed by using Equation 
Concluding remarks
This paper investigates the return informational linkages and volatility transmission between oil and stock markets of the GCC countries over the last turbulent decade.
We employ a VAR-GARCH approach which allows for spillover effects in both returns and conditional volatilities. We also analyze the optimal weights and hedge ratios for oil-stock portfolio holdings. Overall, our results point to the existence of significant volatility spillovers between oil and stock markets in three out of six GCC countries, with the volatility transmission being more apparent from oil to stock markets. For these markets, the rise in oil price volatility caused by shocks and policy changes affecting oil supply-and demand-side would directly increase their volatility. They further suggest that adding the oil assets into a well-diversified portfolio of stocks issued by GCC markets leads to improve its overall risk-adjusted return performance and that oil price risk can be hedged more effectively in the GCC context.
The findings of the study offer several avenues for future research. First, the link between oil and stock markets in GCC countries can be expected to vary across different economic sectors. A sector analysis of this link would be more informative and generate more accurate implications for portfolio management. Second, further evidence drawn from international equity markets should be produced to examine the robustness of the findings. Third, the methodology applied in this article could be used to investigate the effects of other energy products such as natural gas on aggregate and sector equity returns. Finally, further research on the oil-stock return and volatility linkages could compare their causality across GCC countries and other oilexporting as well as oil-importing countries.
